







Minneapolis 16/Jan/2015, CMBPOL 2015 workshop 
Scientific Target : B‐modes
• Red line : contribution from each 
multipole to the total mean square 
fluctuation of the tensor component 
of CMB polarization (B-modes, r = 1). 
• Thin blue line : the cumulative of the 
B-modes, i.e. the variance measured 
by an experiment sensitive from 
multipole 2 to a given multipole l. 
• The top blue thick line : the beam 
function B2l for an experiment with a 
1.5o FWHM Gaussian beam. 
• Despite of the coarse angular 
resolution such an experiment 





A difficult but important target, to complement measurements of the l=80 peak !
the reionization peak is difficult
• Large angular scales: wide sky
coverage required.
• Foreground contamination is
high. From Planck intermediate 
results XXX: The angular 
power spectrum of polarized 
dust emission at intermediate 
and high Galactic latitude
 Dust B-modes in the best 30% of 
sky at 350 GHz:




















































LSPE gondola   :     frame + pivot + STRIP + SWIPE 
to balloon
Actuators: 
Azimuth pivot with torque motors
Linear elevation actuators
Processor: 
PC104 with ADC in / PWM out
H-bridges for motors
Attitude sensors: 










































































• SWIPE is the Short 
Wavelength Instrument for 
the Polarization Explorer
• It is a Stokes Polarimeter, 
based on a simple 50 cm 
aperture refractive 
telescope, a cold HWP 
polarization modulator, a 
beamsplitting polarizer, and 
two large focal planes, filled 
with multimode bolometers 
at 140, 220, 240 GHz. 
• Everything is cooled by a 
large L4He cryostat and a 
3He refrigerator, for 




























• Is a cold (2K), large (50 cm 
useful dia.), wide band 
metamaterials HWP, placed 
immediately behind the 
window and thermal filters 
stack. 
• HWP characteristics for the 
ordinary and extraordinary 
rays are well matched:
(To-Te)/To < 0.001, Xpol<0.01, 
over the 100-300 GHz band. 
• Its orientation is stepped by 
11.25° or 22.5° every few 
scans.
500 mm
The cryogenic HWP rotator made 
for the PILOT experiment. The 
LSPE one will be based on the 
same design, and scaled up in 
dimensions (see Salatino et al. 






This results in a background on 
the detectors of 0.5, 0.12, 0.12 




• Single lens UHMWPE @4K, 
AR coating, D=480, f=800
• Two curved focal planes 
populated with multimode 
bolometric detectors, 
resulting in 1.2°FWHM 
beams










140 GHz 30 110 10
220 GHz 5 110 21
240 GHz 5 110 23
M. De Petris
LSPE - Photolithographic polariser - Period: 20m , Diameter: 42 cm
LSPE - Mesh Filters - Focal plane band defining Low Pass Edges
The final focal plane 
filters will be cut 
from these
LSPE - Mesh Filters - Focal plane band defining Low Pass Edges
SWIPE – multimode feedhorns
• 20 mm aperture
• High efficiency coupling 
structure, easy to machine
• Nice top-hat beams







Feedhorn + detector assembly
Final design
23g each






• The absorbers are large Si3N4
spider-webs (8 mm diameter, 
multimode)
• Sensors are Ti-Au TES
• Photon noise limited
•  = 2 ms 
1 Al horn = 23 g
165 Al horns = 3.6 kg






mass = 6.3 kg












• mass = 460 kg
• He volume = 0.9 x 290 lt





















































Moon 30 37500 200000 700000 2000000
Crab 34 20 18 23 28
Mars 0 0.30 1.6 5.6 18
Jupiter 27 15 80 275 850
Saturn -6 1.4 7 24 70







• The presence of 
the HWP allows 
to fully exploit 










irrelevant if the 
HWP is used. 
• The final 
sensitivity target 
for r is around 
0.02 
LSPE noise level
LSPE noise level Spurious signal 
Spurious signal 
Expected / measured signals
Expected / measured signal
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L. Pagano, F. Piacentini
SWIPE Performance Forecast (1st flight)
L. Pagano, F. Piacentini
SWIPE Performance Forecast (1st flight)















See Peterzen, S., Masi, S., et al.,  “Long Duration Balloon flights development ”, Mem. S. A. 
It., 79, 792-798 (2008) for further information on balloon flights from the Svalbard.
Bottom: Ground path of a small pathfinder test flight 
performed in January 2011, in the middle of the polar night. 
The eastward trajectory is evident.. Top: Launch of a heavy-




Launched - June 14th, 2006
Svalbard











1° LDB launched on Jan. 9°, 2011
From CNR Dirigibile Italia base 
With support from ISTAR, AWIPEV 
Ny Alesund, Svalbard Islands
5 days at 32 Km, Eastward path
Payload prepared by La Sapienza
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